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OPTICAL INFORMATION REPRODUCING 
DEVICE, OPTICAL INFORMATION 
REPRODUCING METHOD AND 

INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates to an optical information 
reproducing device and an optical information reproducing 
method for optically reproducing information from an optical 
information recording medium and an integrated circuit used 
in the device and, particularly to a control of an optical infor 
mation reproducing device using near-field light. 

BACKGROUND ART 

A technology using near-field light has been proposed as a 
method capable of recording data at a high density and repro 
ducing them on and from an optical disc as an optical infor 
mation recording medium. 
What has been focused as a notable light focusing means 

for generating near-field light in recent years is an optical 
system which is a combination of a condenser lens and a solid 
immersion lens (hereinafter, referred to as SIL). By this com 
bination, a NA (numerical aperture) higher than the numeri 
cal aperture of the condenser lens can be realized. Since the 
size of a spot can be made Smallerby increasing the numerical 
aperture of the optical system, recording can be performed at 
a higher density. 

In an optical system using an SIL, a distance between the 
SIL and a surface of an optical disc is required to be very 
short. In an optical system for DVDs and the like, a distance 
between an objective lens and a Surface of an optical disc is 
about 1 mm. However, in the case of an SIL, a distance 
between an exit surface of the SIL and a surface of an optical 
disc needs to be 100 nm or shorter. If the distance between the 
exit surface of the SIL and the surface of the optical disc 
varies, near-field light may not be obtained or the SIL may 
crash with the optical disc (i.e. possibility of a crash). There 
fore, a control for keeping the distance between the exit 
surface of the SIL and the surface of the optical disc constant 
is necessary. 

To realize Such a control, a method called gap servo has 
been proposed. This method is disclosed, for example, in 
patent literature 1. In this method, the light quantity of a 
specific polarization component of reflected light from an 
optical disc based on near-field light is detected, and the 
positions of a condenser lens and an SIL in an optical axis 
direction are so actively adjusted by an actuator that the 
detected light quantity has a constant value. In this way, a 
distance (i.e. gap) between an exit Surface of the SIL and a 
surface of the optical disc is controlled (this disclosure is 
called a prior art below). 

However, the technology disclosed in the above prior art 
has a problem caused by leaving the following points out of 
consideration. 

Firstly, whether reproduction characteristics of an optical 
disc are good or poor and the probability of a crash sensitively 
depend on the length of the gap (hereinafter, referred to as gap 
length). If the gap length is set to be short, a ratio of light 
incident on the optical disc to light exiting from the SIL (i.e. 
coupling efficiency) becomes higher. As a result, an SNR 
(signal-to-noise-ratio) ratio of a reproduction signal from the 
optical disc becomes higher to improve reproduction signal 
quality. 
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2 
On the other hand, if the gap length becomes shorter, a 

probability that the SIL crashes with the optical disc increases 
when there is a fluctuation in the surface shape of the optical 
disc or when Surface fluctuation occurs during the rotation of 
the optical disc. Thus, the prior art has a problem that the 
reproduction signal quality cannot be improved while the 
probability of a crash is decreased. 

Secondly, there is an individual difference in the surface 
shape of the optical disc and optical characteristics of record 
ing pits (or recording marks). Thus, if an equal gap length is 
set for all optical discs, there is a problem that the probability 
of a crash increases or the reproduction signal quality is 
insufficient depending on the optical discs. 

CITATION LIST 

Patent Literature 

Patent Literature 1: Pamphlet of International Publication No. 
O3FO21583 

SUMMARY OF THE INVENTION 

In order to solve the above conventional problems, an 
object of the present invention is to provide an optical infor 
mation reproducing device, an optical information reproduc 
ing method and an integrated circuit which can improve 
reproduction signal quality while reducing the probability of 
a crash even when there is an individual difference in the 
Surface shape and optical characteristics of an optical infor 
mation recording medium. 
One aspect of the present invention is directed to an optical 

information reproducing device for reproducing information 
from an optical information recording medium, comprising a 
light focusing unit for generating near-field light; a measuring 
unit for measuring reproduction signal quality of the optical 
information recording medium using the near-field light gen 
erated by the light focusing unit; a gap length determining 
unit for determining a gap length between the light focusing 
unit and a Surface of the optical information recording 
medium as a set value based on a measurement result on the 
reproduction signal quality in the measuring unit; and a gap 
control unit for controlling a gap between the light focusing 
unit and the Surface of the optical information recording 
medium based on the set value determined in the gap length 
determining unit. 

According to the above optical information reproducing 
device, even if there is an individual difference in the surface 
shape and optical characteristics of an optical information 
recording medium, the reproduction signal quality can be 
improved while the probability of a crash is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the construction of an 
optical information reproducing device according to one 
embodiment of the invention, 

FIG. 2 is a flow chart showing the operation of the optical 
information reproducing device according to the embodi 
ment, 

FIG. 3 is a graph showing a relationship between a gap 
length and aljitter and a method for calculating the gap length 
in the embodiment, 

FIG. 4 is a graph showing the relationship between the gap 
length and the jitter and another method for calculating the 
gap length in the embodiment, 
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FIG. 5 is a graph showing the relationship between the gap 
length and the jitter and another method for calculating the 
gap length in the embodiment, and 

FIG. 6 is a graph showing relationships between the gap 
length and the jitter according to an example of the invention. 

DESCRIPTION OF THE INVENTION 

Hereinafter, the present invention is more specifically 
described by way of an embodiment. 
(Construction of One Embodiment) 

First, the construction of an optical information reproduc 
ing device according to one embodiment of the present inven 
tion is described with reference to FIG. 1. In the following 
description, an optical information recording medium is a 
recordable or rewritable medium and an exemplary case 
where the optical information reproducing device optically 
records and reproduces information is described. Note that 
the optical information reproducing device to which the 
present invention is applied is not particularly limited to this 
example and may be an optical information reproducing 
device which only optically reproduces information. 
The optical information reproducing device shown in FIG. 

1 includes an optical head 2, a system control circuit 17, a 
spindle motor 18, a rotation control circuit 19, a laser driver 
circuit 20, a reproduction signal processing circuit 21, a sig 
nal quality measuring circuit 22, a gap length detecting circuit 
23 and a gap control circuit 24. The optical head 2 includes a 
laser 3, a collimator lens 4, a polarizing beam splitter 5, a 
beam splitter 6, a quarter-wave plate 7, a light focusing unit 8. 
detection lenses 13, 15 and detectors 14, 16. 

In FIG.1, denoted by 1 is an optical disc which is an optical 
information recording medium, and the optical head includes 
an outward path optical system made up of the following 
members. The laser 3 is a light source for laser light. The 
collimator lens 4 converts emitted laser light into parallel 
light. The polarizing beam splitter 5 transmits the laser light 
from the collimator lens 4 and splits reflected light from the 
optical disc 1. The beam splitter 6 transmits the laser light 
from the polarizing beam splitter 5 and splits return light from 
an area where near-field light is generated. The quarter-wave 
plate 7 converts linearly polarized light into circularly polar 
ized light. 
The light focusing unit 8 is a member for generating near 

field light and composed of two lenses, i.e. a condenser lens 9 
and an SIL 10. A semisphere lens is, for example, used as the 
SIL 10 and a flat surface side thereof is right opposite to a 
surface of the optical disc 1. The condenser lens 9 and the SIL 
10 are integrally fixed by a lens holder 11, and an actuator 12 
is mounted on the lens holder 11. This actuator 12 moves the 
condenser lens 9 and the SIL 10 in an optical axis direction, 
whereby a gap between the surface of the optical disc 1 and an 
exit surface of the SIL 10 can be adjusted. 

Next, a return path optical system from the optical disc 1 to 
the detectors 14, 16 is described. 

Light on a return path reflected by the beam splitter 6 is 
condensed by the detection lens 13 and incident on the detec 
tor 14. The quantity of the light incident on this detector 14 
corresponds to the quantity of the return light from the area 
where the near-field light is generated. This light quantity 
varies according to a gap length between the SIL 10 and the 
surface of the disc 1. 

Specifically, when the SIL 10 and the surface of the optical 
disc 1 are perfectly in contact, transmission of the outward 
light from the SIL 10 to the optical disc 1 is maximized. Thus, 
the quantity of the return light is minimized. On the other 
hand, when the SIL 10 and the surface of the optical disc 1 are 
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4 
Sufficiently distant, no near-field light is generated. Thus, 
light in an annular part of the light incident on the SIL 10 is 
totally reflected and the quantity of the return light is maxi 
mized. 

In an intermediate case between the above two cases, the 
quantity of the return light changes Substantially in propor 
tion to the distance between the SIL 10 and the optical disc 1. 
Accordingly, in a state where the near-field light is generated 
by the SIL 10, the distance between the SIL 10 and the surface 
of the optical disc 1 can be detected by detecting the quantity 
of the light incident on the detector 14. 
The light on the return path reflected by the polarizing 

beam splitter 5 is condensed by the detection lens 15 and 
incident on the detector 16. The quantity of the light incident 
on this detector 16 corresponds to the quantity of the reflected 
light from the optical disc 1. 

Next, electrical and control systems of the optical informa 
tion reproducing device shown in FIG. 1 are described. 
The system control circuit 17 is a circuit for controlling the 

entire recording/reproducing device in this embodiment. The 
system control circuit 17 includes a gap length determining 
circuit 17a, a recording power setting circuit 17b, a recording 
strategy setting circuit 17c, a reproduction stopping circuit 
17d and other control circuits (not shown). 
The spindle motor 18 is a motor for rotating the optical disc 

1 and is rotated and stopped and has its rotating speed con 
trolled by the rotation control circuit 19 under the control of 
the system control circuit 17. 
The laser driver circuit 20 controls laser irradiation/no 

irradiation from the laser 3 and power during irradiation. 
When the optical disc 1 is a recordable or rewritable optical 
information medium, the laser driver circuit 20 is controlled 
by the system control circuit 17 to record a test signal on the 
optical disc 1 with predetermined recording power and 
recording strategy. 
The recording power setting circuit 17b sets the recording 

power of the laser driver circuit 20 at an optimal value as a 
target value after the gap control circuit 24 controls the gap. 
The recording strategy setting circuit 17c sets the recording 
strategy of the laser driver circuit 20 at an optimal value as a 
target value after the gap control circuit 24 controls the gap. 
Note that the recording power setting circuit 17b, the record 
ing strategy setting circuit 17c and the reproduction stopping 
circuit 17d may be omitted if necessary. 
The reproduction signal processing circuit 21 is a circuit 

for generating a reproduction signal by converting the quan 
tity of the light received by the detector 16 into an electrical 
signal (voltage value) and performing waveform equalization 
and binarizing process so that information recorded on the 
optical disc 1 can be decoded. The signal quality measuring 
circuit 22 is a circuit for measuring the quality (e.g. jitter, 
error rate) of the reproduction signal. 
The gap length determining circuit 17a determines the gap 

length between the light focusing unit 8 and the surface of the 
optical disc 1 as a set value based on a measurement result on 
the reproduction signal quality in the signal quality measur 
ing circuit 22. 
The gap length detecting circuit 23 is a circuit for convert 

ing the quantity of the light received by the detector 14 into an 
electrical signal (voltage value). The gap control circuit 24 is 
a circuit which is controlled by the system control circuit 17 
and performs a servo control to keep the gap length between 
the SIL 10 and the surface of the optical disc 1 at a constant 
value by changing a drive current of the actuator 12 Such that 
the electrical signal from the gap length detecting circuit 23 
has a constant value. 
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The reproduction stopping circuit 17d stops reproduction 
from the optical disc 1 when a measurement value of the 
reproduction signal quality by the signal quality measuring 
circuit 22 does not satisfy a predetermined quality condition 
even if the gap length between the light focusing unit 8 and the 
surface of the optical disc 1 is shortened to a predetermined 
length. 

Note that FIG. 1 shows only a construction necessary to 
describe the operation of the embodiment and a circuit for 
controlling a tracking servo, a circuit for generating the wave 
form of a recording pulse and other circuits are not shown. In 
an actual reproducing device, these circuits are added if nec 
essary. 
The signal quality measuring circuit 22, the gap length 

determining circuit 17a and the gap control circuit 24 can be 
formed by a semiconductor integrated circuit and, if neces 
sary, the recording power setting circuit 17b, the recording 
strategy setting circuit 17c, the reproduction stopping circuit 
17d and other circuits may also be formed as parts of the 
integrated circuit. Further, the system control circuit 17 may 
perform functions of the gap length determining circuit 17a, 
the recording power setting circuit 17b, the recording strategy 
setting circuit 17c, the reproduction stopping circuit 17d and 
other circuits by executing a predetermined program by a 
CPU (Central Processing Unit). 
(Operation of the Embodiment) 

Next, the operation of the optical information reproducing 
device of this embodiment is described with reference to a 
block diagram of FIG. 1 and a flow chart of FIG. 2. 
A state of “START in the flow chart of FIG. 2 is, for 

example, a state immediately after the optical information 
reproducing device is started, a state immediately after the 
optical information reproducing device returns from a 
standby (waiting) state, a state immediately after the optical 
disc 1 is inserted (i.e. loaded) into the optical information 
reproducing device, a state immediately after the optical 
information reproducing device removes foreign matters 
adhering to the Surface of the optical disc 1 prior to recording/ 
reproduction of information, or a like state. 

After the start, in a head moving step 201 (hereinafter, 
abbreviated to S201), the system control circuit 17 moves the 
optical head 2 to a radial position where a test area of the 
optical disc 1 is present using a predetermined feed motor and 
a predetermined actuator (not shown). 

Here, various areas on the optical disc 1 can be used as the 
test area. For example, if the optical disc 1 is a rewritable disc 
similar to a BD (Blu-ray Disc), an area adjacent to a manage 
ment area on the inner and/or outer circumference may be 
used as the test area. If the optical disc 1 is a read-only disc, a 
data area may be used as the test area. To measure the repro 
duction signal quality with higher accuracy, it is preferable to 
provide the test area at an inner circumferential side close to 
the innermost track of the optical disc 1, e.g. at an innermost 
track position or in an area proximate thereto. This is because 
the outer circumference is generally more subject to distur 
bances such as Surface fluctuation in optical discs. 

Subsequently, in an irradiating step S202, the system con 
trol circuit 17 sends a signal to the laser driver circuit 20 to 
start light emission of the laser 3 at a value of laser power at 
the time of reproduction (this is referred to as reproduction 
power). The laser driver circuit 20 causes the laser 3 to emit 
light with the reproduction power in accordance with this 
signal. 

Subsequently, in a gap length temporary controlling step 
S203, the gap length determining circuit 17a of the system 
control circuit 17 sets such that the gap control circuit 24 
controls the gap between the light focusing unit 8 (i.e. SIL 10) 
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6 
and the surface of the optical disc 1 to be a predetermined 
distance at which recording and/or reproduction by the near 
field light is possible. If the SIL 10 and the surface of the 
optical disc 1 are sufficiently distant, the gap control circuit 24 
causes the light focusing unit 8 to move toward the Surface of 
the optical disc 1 and executes a control to keep the distance 
constant when a predetermined distance is reached. Con 
versely, if the gap between the SIL 10 and the surface of the 
optical disc 1 is shorter than the predetermined distance (or if 
the SIL 10 and the surface of the optical disc 1 are in contact), 
the gap control circuit 24 causes the light focusing unit 8 to 
move away from the Surface of the optical disc 1 and executes 
a control to keep the distance constant when the predeter 
mined distance is reached. 
As described above, the distance between the SIL 10 and 

the surface of the optical disc 1 can be detected by detecting 
the quantity of the light incident on the detector 14. The gap 
length detecting circuit 23 converts the quantity of the light 
incident on the detector 14 into an electrical signal. The gap 
control circuit 24 controls the gap based on the electrical 
signal from this gap length detecting circuit 23. In other 
words, the gap is controlled using a detection signal based on 
an optical means which is the quantity of the light incident on 
the detector 14 (i.e. return light). 

For example, the gap control circuit 24 preferably sets a 
distance, at which the quantity of the return light starts 
decreasing, as the above predetermined distance by Succes 
sively moving the SIL 10 toward the optical disc 1 from a state 
where the SIL 10 and the surface of the optical disc 1 are 
Sufficiently distant in accordance with an instruction of the 
gap length determining circuit 17a, and controls the actuator 
12 to keep this distance constant. 

Subsequently, in a rotating step S204, the system control 
circuit 17 sends a signal to the rotation control circuit 19 to set 
the rotating speed of the spindle motor 18. In accordance with 
this signal, the rotation control circuit 19 rotates the optical 
disc 1 at a predetermined rotating speed. 

Subsequently, in a test signal recording step S205, the 
recording power setting circuit 17b and/or the recording strat 
egy setting circuit 17c of the system control circuit 17 sends 
a signal to the laser driver circuit 20 to drive the laser 3 with 
the predetermined recording power and/or recording strategy. 
In accordance with this signal, the laser driver circuit 20 
modulates the emission light quantity of the laser 3. In this 
way, the test signal is recorded. After the recording of the test 
signal is completed, the system control circuit 17 causes the 
laser 3 to emit light with the reproduction power and returns 
the optical head 2 to a track where test recording was per 
formed. Here, the recording power setting circuit 17b and/or 
the recording strategy setting circuit 17c and the laser driver 
circuit 20 correspond to an example of a test recording unit. 

Subsequently, in a test reproducing step S206, the detector 
16 detects the quantity of reflected light from the track where 
test recording was performed and converts it into an electrical 
signal, and the reproduction signal processing circuit 21 per 
forms signal processes such as waveform equalization and 
binarizing process to generate a reproduction signal. The 
signal quality measuring circuit 22 measures the quality of 
the reproduction signal. Values indicating this quality 
include, for example, a jitter, a bit error rate, a symbol error 
rate, an amplitude, a modulation ratio, a resolution, a CN ratio 
and index values correlated to these values. 

Subsequently, in an end determining step S207, the gap 
length determining circuit 17a of the system control circuit 17 
determines whether or not test reproduction has been finished 
to an extent sufficient to determine a set value of the gap 
length. If test reproduction has not been finished, the gap 
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length determining circuit 17a sets a gap length different from 
the one used for previous test recording/reproduction in a step 
length changing step S208 and performs S205 and S206 
again. 

It is preferable to perform test recording/reproduction at 
least twice by a loop of 5205 to S208. In other words, test 
recording/reproduction is preferably performed at two differ 
ent gap lengths. This is because the set value of the gap length 
can be easily determined since a relationship between the gap 
length and the reproduction signal quality can be plotted as a 
characteristic curve (or straight line). 

Subsequently, in a gap length determining step S209, the 
gap length determining circuit 17a of the system control 
circuit 17 determines a set value of the gap length optimal for 
the optical disc 1 based on the relationship between the gap 
length and the reproduction signal quality obtained as a result 
of test reproduction. A method for determining the set value 
is, for example, a method for setting a maximum gap length in 
a range, in which predetermined reproduction signal quality 
can be obtained, as the set value. This method is described 
with reference to FIG. 3. 

FIG. 3 is a graph showing a relationship between the gap 
length and the reproduction signal quality when test repro 
duction was performed at four different gap lengths and a 
jitter was used as a measurement value of the reproduction 
signal quality. 
A threshold Jth of a jitter as a value indicating desired 

reproduction signal quality is specified beforehand, and the 
gap length determining circuit 17a sets a gap length Gset, at 
which the jitter is maximized in a range equal to or below Jth, 
as a set value of the gap length after the measurement of the 
jitter at four different gap lengths is finished. By doing so, 
information can be reproduced with desired reproduction 
signal quality while the gap length is maximized (i.e. while 
the probability of a crash is minimized). 

Here, as the threshold Jth of the jitter, a permissible jitter 
value Jref may be used as it is or a value obtained by multi 
plying the permissible jitter value Jref by a predetermined 
coefficient (value equal to or below 1, e.g. 0.8) may be used to 
consider a predetermined margin. Further, a value obtained 
by multiplying the gap length, at which the jitteris maximized 
in the range equal to or below Jth, by a predetermined coef 
ficient (value equal to or below 1, e.g. 0.8) may be used as the 
set value of the gap length. 

Although the reproduction signal quality was measured at 
four different gap lengths in the example shown in FIG. 3, the 
reproduction signal quality may be measured at three, five or 
more different gap lengths without being particularly limited 
to this example. 

The difference between the gap lengths may differ in vari 
ous manners such as by an equal amount, by a Successively 
increasing amount and by a Successively decreasing amount. 
Further, various changes can be made in the gap lengths. For 
example, after being first measured at gap lengths differing by 
large amounts, the reproduction signal quality is measured at 
gap lengths differing by Small amounts near the threshold Jth 
of the jitter and the gap length Gset, at which the jitter is 
maximized in the range equal to or below Jth, is set as the set 
value of the gap length based on this highly accurate mea 
Surement result. 

Further, the reproduction signal quality may be succes 
sively measured at different gap lengths and, when the jitter 
becomes equal to or below Jth, the gap length at that time may 
be the set value and the measurement of the reproduction 
signal quality may be finished. In this case, the measurement 
of the reproduction signal quality can be completed in a short 
time. 
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8 
Subsequently, in a gap controlling step S210, the gap 

length determining circuit 17a of the system control circuit 17 
sets Such that the gap control circuit 24 controls the gap 
between the light focusing unit 8 (i.e. SIL 10) and the surface 
of the optical disc 1 to have the gap length determined as the 
set value. The gap control circuit 24 controls the actuator 12 
to keep the gap length determined as the set value in accor 
dance with an instruction from the gap length determining 
circuit 17a. 

Subsequently, in a seeking step S211, the system control 
circuit 17 moves the radial position of the optical head 2 to a 
radial position in the data area of the optical disc 1. This step 
may be performed to move to a predetermined address while 
address information recorded on the optical disc 1 is repro 
duced. 

Finally, in a recording/reproducing step S212, the optical 
information reproducing device records/reproduces informa 
tion on or from the optical disc 1. 
By the above steps, an optimal gap length can be deter 

mined for the individual optical disc 1 in this embodiment. 
Thus, a possibility of damaging the optical disc 1 due to a 
crash of the SIL 10 can be reduced. Further, special effects of 
improving the reproduction signal quality and enabling accu 
rate information reproduction are displayed. 

Although the gap is controlled using the detection signal 
based on the optical means in the gap length temporary con 
trolling step S203 and/or the gap controlling step S210 in this 
embodiment, the gap may be controlled by a method which 
does not depend on any optical means Such as levitation by an 
airstream. However, the use of a detection signal based on the 
optical means is more preferable in facilitating the control 
since the detection signal can be directly used for the gap 
control. 
The system control circuit 17 preferably includes the 

reproduction stopping circuit 17d which stops the reproduc 
tion from the optical disc 1 when the measurement value of 
the reproduction signal quality exceeds the predetermined 
value even if the gap length is shortened to a predetermined 
length (lengthat which the probability of a crash is very high). 
For example, in the test reproducing step S206, the reproduc 
tion stopping circuit 17d can stop the reproduction from the 
optical disc 1 when the measurement value of the reproduc 
tion signal quality exceeds the predetermined value even if 
the gap length is shortened to the predetermined length. This 
is more preferable since damage of the optical disc 1 by a 
crash can be prevented. 

Although the maximum gap length in the range in which 
the predetermined reproduction signal quality is obtained is 
used as the set value in the gap length determining step S209 
in this embodiment, the set value can be easily determined 
even when a gap length, at which a slope of a tangent to a 
characteristic curve representing the relationship between the 
gap length and the measurement value of the reproduction 
signal quality is a predetermined value, is the set value. This 
method is described with reference to FIG. 4. 

FIG. 4 is, similar to FIG.3, a graph showing a relationship 
between the gap length and the reproduction signal quality 
when test reproduction was performed at four different gap 
lengths and a jitter was used as a measurement value of the 
reproduction signal quality. After the measurement of the 
jitter at four different gap lengths is finished, the gap length 
determining circuit 17a interpolates four measurement points 
by curves, calculates inclinations (d.J/dG) of tangents to the 
curves, and sets a gap length Gset, at which the inclination is 
maximized in a range equal to or below a predetermined value 
'a', as a set value of the gap length. The shorter the gap 
length, the Smaller an improved amount of the reproduction 
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signal quality to approach a saturated value. Thus, by doing 
so, information can be reproduced from the optical disc 1 with 
maximally high reproduction signal quality while the gap 
length is maximized. Note that a value obtained by multiply 
ing the gap length, at which the inclination is maximized in 
the range equal to or below the predetermined value “a”, by a 
predetermined coefficient (value equal to or below 1, e.g. 0.8) 
may be used as the set value of the gap length. 

Although the reproduction signal quality was measured at 
four different gap lengths also in the example shown in FIG. 
4, the reproduction signal quality may be measured at three, 
five or more different gap lengths without being particularly 
limited to this example. 
The difference between the gap lengths may differ in vari 

ous manners such as by an equal amount, by a Successively 
increasing amount and by a Successively decreasing amount. 
Further, various changes can be made in the gap lengths. For 
example, after interpolation curves are generated by measur 
ing the reproduction signal quality at gap lengths differing by 
large amounts, interpolation curves are generated by measur 
ing the reproduction signal quality at gap lengths differing by 
Small amounts near the gap length at which the inclination is 
the predetermined value “a” and the gap length Gset, at which 
the inclination is maximized in the range equal to or below the 
predetermined value “a”, is set as the set value of the gap 
length based on these highly accurate interpolation curves. 

Further, an interpolation curve which interpolates between 
measurement points may be generated every time the repro 
duction signal quality is measured at a different gap length 
and, when the inclination becomes equal to or below the 
predetermined value 'a', the gap length at that time may be 
set as the set value and the measurement of the reproduction 
signal quality may be finished. In this case, the measurement 
of the reproduction signal quality can be completed in a short 
time. 
When a surface state of the optical disc 1 is poor or surface 

fluctuation or eccentricity is large, the relationship between 
the gap length and the jitter may have a minimum value (i.e. 
(d.J/dG)=0) as shown in FIG. 5. In such a case, a gap length 
Gset at which the jitter is minimized may be the set value. If 
a plurality of minimum values are present in the relationship 
between the gap length and the jitter, the longest gap length 
may be the set value. 
The system control circuit 17 preferably includes the 

recording power setting circuit 17b which sets the recording 
power of the laser driver circuit 20 at an optimal value as a 
target value after the gap control circuit 24 controls the gap 
and/or the recording strategy setting circuit 17c which sets the 
recording strategy of the laser driver circuit 20 at an optimal 
value as a target value after the gap control circuit 24 controls 
the gap. 

For example, after the gap control circuit 24 controls the 
gap in the gap controlling step S210, the recording power 
setting circuit 17b and/or the recording strategy setting circuit 
17c may set the recording power and/or the recording strategy 
at the optimal value(s) and the laser driver circuit 20 may 
drive the laser 3 with the optimal recording power and/or the 
optimal recording strategy in the recording/reproducing step 
S212. In this case, the recording power and the recording 
strategy can be more accurately determined. 

After the recording power and/or the recording strategy are 
set at the optimal value(s), the test signal recording step S205 
to the gap length determining step S209 may be performed 
again. In this case, the reproduction signal quality can be 
more accurately measured by reproducing the test signal 
recorded with the optimal recording power and/or recording 
Strategy. 
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10 
Although the optical information recording medium is of 

the recordable type or the rewritable type in this embodiment, 
it may be of the read-only type. In this case, the test signal 
recording step S205 can be omitted and the reproduction 
signal quality can be measured by reproducing the test signal 
recorded in the test area beforehand. Alternatively, the repro 
duction signal quality may be measured by reproducing infor 
mation recorded in the data area beforehand. In this case, the 
head moving step S201 can be omitted. Further, information 
recording in the recording/reproducing step S212 is also 
unnecessary. 

In this embodiment, the light focusing unit 8 used includes 
the SIL 10. This is because of an advantage that a very small 
spot can be obtained and high-density recording and/or repro 
duction can be performed by increasing the NA. This light 
focusing unit may be another means (e.g. optical fiber probe) 
a surface of which is moved to a distance of several nm to 
several 100 nm from the surface of the optical disc 1 and 
which records and/or reproduces information using near-field 
light. 

EXAMPLE 

The effects of the embodiment of the present invention are 
described below based on more specific experiment results. 
A polycarbonate substrate formed with a spiral track 

(groove) was used as a Substrate of the optical disc 1. A groove 
pitch was 250 nm and a groove depth was 20 nm. A thin film 
layer including a rewritable phase-change recording layer 
was formed on this substrate by sputtering. This thin film 
layer had such a four-layer structure that an Agalloy layer, a 
ZnS SiO, dielectric layer, a GeSbTe phase-change record 
ing layer and a ZnS SiO, dielectric layer were successively 
laminated in this order on the substrate. By such a production 
method, two discs A and B were prepared which included 
phase-change recording layers having different film thick 
nesses. The film thicknesses of the respective layers are as 
shown in Table-1. 

TABLE 1 

Disc A Disc B 

Ag Alloy 100 mm 100 mm 
ZnS—SiO, 30 mm 30 mm 
GeSbTe 10 mm 15 mm 
ZnS—SiO2 70 mm 70 mm 

On the other hand, an oscillation wavelength of the laser3 
was 405 nm. A semisphere lens was used as the lens of the SIL 
10. An NA by the condenser lens 9 and the SIL 10 was 1.84. 
The actuator 12, the spindle motor 18, the rotation control 

circuit 19, the laser driver circuit 20 and the reproduction 
signal processing circuit 21 used were those of an optical disc 
evaluator using far-field light (i.e. not using near-field light). 
The gap length detecting circuit 23 and the gap control circuit 
24 were fabricated based on the method described in the 
above embodiment. A time interval analyzer, which is a mea 
Suring device, was used as the signal quality measuring circuit 
22. 

Although not shown in FIG. 1, an optical system and a 
circuit for controlling a tracking servo, an optical system and 
a circuit for reproducing information and a circuit for gener 
ating the waveform of a recording pulse are also used in this 
example. These were also those of the optical disc evaluator 
using far-field light. 
A gap servo is performed with the gap length set at four 

values of 20 nm, 30 nm, 40 nm and 50 nm and a jitter of a 
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reproduction signal was measured by recording and repro 
ducing a random signal for each of the discs A and B produced 
as described above. Here, a linear velocity at the time of 
recording and reproduction was 2.5 m/s and a channel clock 
cycle Tw was 15 ns. A recording power of the laser 3 was 5.0 
mW, an erasure power (bias power) was 2.0 mW and a repro 
duction power was 0.2 m W. Further, a threshold Jth of a 
permissible jitter was 10%. 

Relationships of the respective discs A and B between the 
gap length and the jitter are shown in FIG. 6. A better jitter 
was obtained for the disc B than for the disc A even at the same 
gap length. The gap length corresponding to the threshold Jth 
of 10% of the jitter was 32 nm for the disc A and 40 nm for the 
disc B. 

Subsequently, the gap lengths were set at 32 nm and 40 nm. 
for the respective discs, reproduction from the tracks from 30 
mm to 35 mm in radius was repeatedly performed 10000 
times and the number of crashes was measured. This mea 
surement result is shown in Table-2. 

TABLE 2 

Gap Length Disc A Disc B 

32 nm. 6 8 
40 mm 2 1 

It was found from the result of Table-2 that, for either disc, 
the shorter the set gap length, the higher the probability of a 
crash. 

From this, it was found that an effect of minimizing the 
probability of a crash in a range in which the jitter satisfied a 
permissible value could be obtained by setting the gap length 
at 32 nm for the disc A and at 40 nm for the disc B. 

If the method for setting the gap length at a constant value 
without considering the individual difference of discs is 
employed as before, such an effect cannot be displayed. This 
is because the probability of a crash cannot be minimized for 
the disc B when the gap length is set at a constant value of 32 
nm and the jitter is beyond the permissible range for the disc 
A when the gap length is set at a constant value of 40 nm. 

Although the optical discs 1 in which the thin film layers 
were laminated on the substrate were used in the above 
example, a protection layer may be provided on the thin film 
layers. 
The above recording conditions, reproducing conditions 

and the like are not limited to those illustrated in the above 
example, and Suitable conditions can be set according to 
characteristics of the device and the medium. 

Although a phase-change material was used as a recording 
material of the rewritable optical information recording 
medium in the above example, the recording material is not 
limited to this and any material Such as a recordable dye 
material and a magneto-optical material can be used provided 
that a recording mark can beformed on a medium. Further, in 
the case of the read-only type, any material can be used 
provided that a recording mark can be formed on a medium. 

Further, effects similar to the above ones can also be 
obtained in personal computers, servers, recorders, semicon 
ductor devices using the above optical information reproduc 
ing method and optical information reproducing device. 
The present invention is Summarized as follows based on 

the above embodiment. Specifically, an optical disc device 
according to the present invention is an optical information 
reproducing device for reproducing information from an opti 
cal information recording medium and includes a light focus 
ing unit for generating near-field light; a measuring unit for 
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12 
measuring reproduction signal quality of the optical informa 
tion recording medium using the near-field light generated by 
the light focusing unit; a gap length determining unit for 
determining a gap length between the light focusing unit and 
a Surface of the optical information recording medium as a set 
value based on a measurement result on the reproduction 
signal quality in the measuring unit; and a gap control unit for 
controlling a gap between the light focusing unit and the 
Surface of the optical information recording medium based on 
the set value determined in the gap length determining unit. 

According to this device, the reproduction signal quality 
can be improved while the probability of a crash is reduced 
since an optimal gap length can be set for an individual optical 
information recording medium. That is, it becomes possible 
to reduce a possibility of damaging the optical information 
recording medium due to a crash of the light focusing unit and 
accurately reproduce information by improving the reproduc 
tion signal quality. 

Preferably, the above optical information reproducing 
device further includes a detecting unit for optically detecting 
the gap length between the light focusing unit and the Surface 
of the optical information recording medium and outputting a 
detection signal, and the gap control unit controls the gap 
using the detection signal. 

In this case, the gap length can be easily detected since the 
gap control unit controls the gap using the detection signal 
based on an optical means. 
The measuring unit preferably measures the reproduction 

signal quality at least at two different gap lengths. 
In this case, an optimal gap length can be easily determined 

since the measuring unit for performing test reproduction 
measures the reproduction signal quality at least at two dif 
ferent gap lengths. 
The above optical information reproducing device prefer 

ably further includes a reproduction stopping unit for stop 
ping reproduction from the optical information recording 
medium when a measurement value of the reproduction sig 
nal quality measured by the measuring unit does not satisfy a 
predetermined quality condition even if the gap length 
between the light focusing unit and the surface of the optical 
information recording medium is shortened to a predeter 
mined length. 

In this case, the reproduction from the optical information 
recording medium is stopped, for example, when the mea 
Surement value of the reproduction signal quality exceeds the 
predetermined value even if the gap length is shortened to the 
predetermined length. This can prevent the optical informa 
tion recording medium from being damaged by a crash. 

Preferably, the gap length determining unit determines a 
gap length, at which the gap length and the measurement 
value of the reproduction signal quality are in a predeter 
mined relationship, as the set value, or determines a maxi 
mum gap length, at which the measurement value of the 
reproduction signal quality is a predetermined value, as the 
set value or determines a gap length, at which a slope of a 
tangent to a characteristic curve representing a relationship 
between the gap length and the measurement value of the 
reproduction signal quality is a predetermined value, as the 
set value. In any of these cases, an optimal gap length can be 
easily determined. 

Preferably, the optical information recording medium is a 
medium capable of recording or rewriting information, the 
optical information reproducing device further includes a test 
recording unit for recording a test signal on the optical infor 
mation recording medium with predetermined recording 
power and recording strategy, and the measuring unit mea 
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Sures the reproduction signal quality by reproducing the test 
signal from the optical information recording medium. 

In this case, an optimal gap length can be set according to 
recording characteristics of an individual optical information 
recording medium. 
The optical information reproducing device preferably fur 

ther includes a recording power setting unit for setting the 
recording power at a target value after the gap control unit 
controls the gap. 

In this case, the recording power can be accurately deter 
mined since it is set at the target value after the gap control 
unit controls the gap. 

The optical information reproducing device preferably fur 
ther includes a recording strategy setting unit for setting the 
recording strategy at a target value after the gap control unit 
controls the gap. 

In this case, the recording strategy can be accurately deter 
mined since it is set at the target value after the gap control 
unit controls the gap. 
An optical information reproducing method according to 

the present invention is an optical information reproducing 
method for reproducing information from an optical informa 
tion recording medium and includes a test reproducing step of 
measuring reproduction signal quality of the optical informa 
tion recording medium using near-field light generated by a 
light focusing unit; a gap length determining step of deter 
mining a gap length between the light focusing unit and a 
Surface of the optical information recording medium as a set 
value based on a measurement result on the reproduction 
signal quality in the test reproducing step; and a gap control 
ling step of controlling a gap between the light focusing unit 
and the Surface of the optical information recording medium 
based on the set value determined in the gap length determin 
ing step. 

According to this method, the reproduction signal quality 
can be improved while the probability of a crash is reduced 
since an optimal gap length can be set for an individual optical 
information recording medium. 

Preferably, the gap is controlled using a detection signal 
indicating an optically detected gap length between the light 
focusing unit and the Surface of the optical information 
recording medium in the gap controlling step. 

In this case, the gap length can be easily detected since the 
gap is controlled using the detection signal based on an opti 
cal means. 

Preferably, the test reproducing step includes a step of 
measuring the reproduction signal quality at least at two 
different gap lengths. 

In this case, an optimal gap length can be easily determined 
since the reproduction signal quality is measured at least at 
two different gap lengths in the test reproducing step. 

The above optical information reproducing method pref 
erably further includes a reproduction stopping step of stop 
ping reproduction from the optical information recording 
medium when a measurement value of the reproduction sig 
nal quality measured in the test reproducing step does not 
satisfy a predetermined quality condition even if the gap 
length between the light focusing unit and the Surface of the 
optical information recording medium is shortened to a pre 
determined length. 

In this case, the reproduction from the optical information 
recording medium is stopped, for example, when the mea 
Surement value of the reproduction signal quality exceeds the 
predetermined value even if the gap length is shortened to the 
predetermined length. This can prevent the optical informa 
tion recording medium from being damaged by a crash. 
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14 
Preferably, the gap length determining step includes a step 

of determining a gap length, at which the gap length and the 
measurement value of the reproduction signal quality are in a 
predetermined relationship, as the set value, or includes a step 
of determining a maximum gap length, at which the measure 
ment value of the reproduction signal quality is a predeter 
mined value, as the set value or includes a step of determining 
a gap length, at which a slope of a tangent to a characteristic 
curve representing a relationship between the gap length and 
the measurement value of the reproduction signal quality is a 
predetermined value, as the set value. In any of these cases, an 
optimal gap length can be easily determined. 

Preferably, the optical information recording medium is a 
medium capable of recording or rewriting information, the 
optical information reproducing method further includes a 
test recording step of recording a test signal on the optical 
information recording medium with predetermined recording 
power and recording strategy, and the test reproducing step 
includes a step of measuring the reproduction signal quality 
by reproducing the test signal from the optical information 
recording medium. 

In this case, an optimal gap length can be set according to 
recording characteristics of an individual optical information 
recording medium. 
The optical information reproducing method preferably 

further includes a recording power determining step of setting 
the recording power at a target value after the gap is controlled 
in the gap controlling step. 

In this case, the recording power can be accurately deter 
mined since it is set at the target value after the gap is con 
trolled in the gap controlling step. 
The optical information reproducing method preferably 

further includes a recording strategy determining step of set 
ting the recording strategy at a target value after the gap is 
controlled in the gap controlling step. 

In this case, the recording strategy can be accurately deter 
mined since it is set at the target value after the gap is con 
trolled in the gap controlling step. 
An integrated circuit according to the present invention is 

an integrated circuit used in an optical information reproduc 
ing device including a light focusing unit for generating near 
field light and reproducing information from an optical infor 
mation recording medium and includes a measuring circuit 
for measuring reproduction signal quality of the optical infor 
mation recording medium using the near-field light generated 
by the light focusing unit; a gap length determining circuit for 
determining a gap length between the light focusing unit and 
a Surface of the optical information recording medium as a set 
value based on a measurement result on the reproduction 
signal quality in the measuring circuit; and a gap control 
circuit for controlling a gap between the light focusing unit 
and the Surface of the optical information recording medium 
based on the set value determined in the gap length determin 
ing circuit. 

According to this integrated circuit, it is possible to realize 
an optical information reproducing device capable of improv 
ing reproduction signal quality while reducing the probability 
of a crash since an optimal gap length can be set for an 
individual optical information recording medium. 
An optical information reproducing method and an optical 

information reproducing device according to the present 
invention can reduce the possibility of a damage due to a crash 
of a light focusing unit with a surface of an optical informa 
tion recording medium and enable accurate information 
reproduction by improving reproduction signal quality. 
Therefore, they are useful as those relating to a control of a 
reproducing device using near-field light. 
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What is claimed is: 
1. An optical information reproducing device for reproduc 

ing information from an optical information recording 
medium, comprising: 

a light focusing unit for generating near-field light; 
a measuring unit for measuring a reproduction signal qual 

ity of the optical information recording medium using 
the near-field light generated by the light focusing unit; 

a gap length determining unit for determining a gap length 
between the light focusing unit and a surface of the 
optical information recording medium as a set value 
based on a measurement result on the reproduction sig 
nal quality in the measuring unit; 

a gap control unit for controlling a gap between the light 
focusing unit and the Surface of the optical information 
recording medium based on the set value determined in 
the gap length determining unit; and 

a reproduction stopping unit for stopping reproduction 
from the optical information recording medium when a 
measurement value of the reproduction signal quality 
measured by the measuring unit does not satisfy a pre 
determined quality condition even if the gap length 
between the light focusing unit and the surface of the 
optical information recording medium is shortened to a 
predetermined length. 

2. An optical information reproducing device according to 
claim 1, further comprising a detecting unit for optically 
detecting the gap length between the light focusing unit and 
the Surface of the optical information recording medium and 
outputting a detection signal, 

wherein the gap control unit controls the gap using the 
detection signal. 

3. An optical information reproducing device according to 
claim 1, wherein the measuring unit measures the reproduc 
tion signal quality at least at two different gap lengths. 

4. An optical information reproducing device according to 
claim 1, wherein the gap length determining unit determines 
a gap length, at which the gap length and the measurement 
value of the reproduction signal quality are in a predeter 
mined relationship, as the set value. 

5. An optical information reproducing device according to 
claim 4, wherein the gap length determining unit determines 
a maximum gap length, at which the measurement value of 
the reproduction signal quality is a predetermined value, as 
the set value. 

6. An optical information reproducing device for reproduc 
ing information from an optical information recording 
medium, comprising: 

a light focusing unit for generating near-field light; 
a measuring unit for measuring are reproduction signal 

quality of the optical information recording medium 
using the near-field light generated by the light focusing 
unit; 

a gap length determining unit for determining a gap length 
between the light focusing unit and a surface of the 
optical information recording medium as a set value 
based on a measurement result on the reproduction sig 
nal quality in the measuring unit; and 

a gap control unit for controlling a gap between the light 
focusing unit and the Surface of the optical information 
recording medium based on the set value determined in 
the gap length determining unit, 

wherein the gap length determining unit determines a gap 
length, at which a slope of a tangent to a characteristic 
curve representing a relationship between the gap length 
and the measurement value of the reproduction signal 
quality is a predetermined value, as the set value. 
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7. An optical information reproducing device according to 

claim 1, wherein: 
the optical information recording medium is a medium 

capable of recording or rewriting information; 
the optical information reproducing device further com 

prises a test recording unit for recording a test signal on 
the optical information recording medium with prede 
termined recording power and recording strategy; and 

the measuring unit measures the reproduction signal qual 
ity by reproducing the test signal from the optical infor 
mation recording medium. 

8. An optical information reproducing device according to 
claim 7, further comprising a recording power setting unit for 
setting the recording power at a target value after the gap 
control unit controls the gap. 

9. An optical information reproducing device according to 
claim 7, further comprising a recording strategy setting unit 
for setting the recording strategy at a target value after the gap 
control unit controls the gap. 

10. An optical information reproducing method for repro 
ducing information from an optical information recording 
medium, comprising: 

a test reproducing step of measuring a reproduction signal 
quality of the optical information recording medium 
using near-field light generated by a light focusing unit; 

a gap length determining step of determining a gap length 
between the light focusing unit and a surface of the 
optical information recording medium as a set value 
based on a measurement result on the reproduction sig 
nal quality in the test reproducing step; 

a gap controlling step of controlling a gap between the light 
focusing unit and the Surface of the optical information 
recording medium based on the set value determined in 
the gap length determining Step; and 

a reproduction stopping step of stopping reproduction from 
the optical information recording medium when a mea 
Surement value of the reproduction signal quality mea 
Sured in the test reproducing step does not satisfy a 
predetermined quality condition even if the gap length 
between the light focusing unit and the surface of the 
optical information recording medium is shortened to a 
predetermined length. 

11. An integrated circuit used in an optical information 
reproducing device including a light focusing unit for gener 
ating near-field light and reproducing information from an 
optical information recording medium, comprising: 

a measuring circuit for measuring a reproduction signal 
quality of the optical information recording medium 
using the near-field light generated by the light focusing 
unit; 

a gap length determining circuit for determining a gap 
length between the light focusing unit and a Surface of 
the optical information recording medium as a set value 
based on a measurement result on the reproduction sig 
nal quality in the measuring circuit; 

a gap control circuit for controlling a gap between the light 
focusing unit and the Surface of the optical information 
recording medium based on the set value determined in 
the gap length determining circuit; and 

a reproduction stopping circuit for stopping reproduction 
from the optical information recording medium when a 
measurement value of the reproduction signal quality 
measured by the measuring circuit does not satisfy a 
predetermined quality condition even if the gap length 
between the light focusing unit and the surface of the 
optical information recording medium is shortened to a 
predetermined length. 
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